During pregnancy the decline in blood [glucose] does not result from the increased distribution space of glucose. The absolute rate of glucose turnover increases in late pregnancy in parallel with the rise in the mass of the conceptus. Nevertheless, glucose turnover per kg body wt. is not increased in late pregnancy, since the lower blood [glucose] decreases glucose utilization by maternal tissues.
Glucose turnover during pregnancy in anaesthetized post-absorptive rats Armelle During pregnancy the mother must provide a continuous supply of glucose for her own tissues and for the increasing demand of the growing conceptus. It has been reported that after an overnight fast (Silverstone et al., 1961; Bleicher et al., 1964; Victor, 1974) or in the post-absorptive state (Cousins et al., 1980 ) the blood [glucose] was lower in pregnant than in non-pregnant women. Similarly, the blood [glucose] is lower in pregnant than in virgin rats in both the fed and unfed states (Scow et al., 1964; Herrera et al., 1969; Knopp et al., 1973) . The decline in blood [glucose] during pregnancy has been attributed to the inability of the mother to accelerate her glucose production in response to the increasing needs of the growing conceptus (Felig, 1973) or to an increase in the distribution space of glucose (Kalhan et al., 1979) .
Very few studies have examined the impact of pregnancy on maternal glucose turnover. In fed twin-pregnant ewes near term, absolute and weightrelated glucose turnover are increased by respectively 63 and 33% (Bergman, 1963; Bergman et al., 1974) . In contrast, glucose turnover per kg body wt. was not increased in overnight-fasted pregnant women at term (Kalhan et al., 1979) and in fed pregnant guinea pigs (Gilbert et al., 1981) . In preliminary experiments it has been reported that absolute glucose turnover was increased by 50-80% in 24h-unfed pregnant rats as compared with non-pregnant rats (Ogata et al., 1980) . The aims of the present study were to answer two questions: (1) does the decline in blood [glucose] during pregnancy result from an increase in the distribution space of glucose?; (2) is glucose turnover altered during pregnancy in the post-absorptive state? * To whom requests for reprints should be sent.
Experimental

Animals
The rats were an albino Wistar strain bred in the laboratory and fed ad libitum on laboratory chow (carbohydrate 65%, protein 24%, fat 11%). They were housed at 240C with light from 07:00h to 19:00h. The stage of pregnancy was determined as described previously (Girard et al., 1973) . The average number of foetuses in each pregnant rat was 10 + 0.3 (n = 56), and pregnant rats with less than eight foetuses were not included in this study. Age-matched virgin rats were used as non-pregnant controls. Food was removed at 09:00 h and the experiments were started at 14:00h, so virgin and pregnant rats were considered to be in the postabsorptive state.
Estimation ofglucose distribution space
Glucose distribution space was determined after intravenous injection of glucose (5.5 mmol/kg body wt.) in rats anaesthetized with pentobarbitone (30mg/kg body wt. intraperitoneally) and with a carotid artery catheterized for blood sampling.
Blood samples (10O,ul) were obtained at 5, 10, 15, 20, 25 and 30min after glucose injection. Blood was deproteinized with 0.083 M-Ba(OH)2 and 0.087M-ZnSO4, centrifuged at 16OOOg for 2min, and glucose in the supernatant was determined by the glucose oxidase method (Girard et al., 1973 as the ratio of glucose turnover (,umol/min) and of blood glucose (,umol/ml) and expressed in ml/min.
Statistics
Results are expresssed as means + S.E.M. of 8 to 24 determinations. Significance of differences was determined by using Student's t test.
Results and discussion
Pregnancy in the rat is associated with increased food intake (Scow et al., 1964; Knopp et al., 1975) and increased total absorptive capacity of the gut (Fell et al., 1963) . These changes could affect glucose turnover independently of gestation in the fed state. In order to measure endogenous glucose production and utilization in a situation where nutritional conditions were similar in both pregnant and virgin animals, we have used post-absorptive rats. Food was withdrawn 5 h before glucose turnover measurement, and in these conditions the [glucose] difference between the carotid artery and the portal vein was slightly positive both in pregnant (0.13 + 0.11 mmol/l) and in virgin rats (0.20 + 0.13 mmol/l). Thus the gut was not adding glucose in portal circulation from previously ingested food, and the values of glucose turnover measured were representative of the post-absorptive state.
As previously reported (Scow et al., 1964; Knopp et al., 1973) 
(1979).
On day 14 of gestation the glucose turnover rate was significantly lower than in virgin rats; it was decreased by 17% when expressed in absolute value and by 33% when expressed per kg body wt. (Table  1) . As the metabolic clearance rate of glucose was similar in pregnant and virgin rats (Table 1) , this suggested that the lower glucose turnover in 14-day:pregnant rats resulted essentially from the 24% decrease in their blood [glucose] (Table 1) . On days 19 and 21 of pregnancy the absolute value of glucose turnover rate was increased by respectively 42 and 47% (Table 1) . This increase could be related to the rapid growth of the total mass of the Indeed, the mass of the conceptus increased from approx. 4 g for a litter of ten at 14 days of gestation to approx. 55 g for the same litter size at 21 days of gestation. As during the same period the maternal weight increased by approx. 61 g (Table 1) , this suggested that all the maternal weight gain was represented by foetal and placental tissues. Assuming that glucose utilization by maternal tissues remains unchanged between 14 and 21 days of gestation, one may estimate that the increase in glucose turnover during this period is entirely due to the growing mass of the conceptus. By dividing the increase in glucose turnover between days 14 and 21 of pregnancy (8.2,umol/min) by the increase in the mass of conceptus (51 g), one may estimate that the rate of glucose utilization by the conceptus is 160,umol/min per kg, a value 3-fold higher than the maternal glucose utilization (52,umol/min per kg).
The presence in the maternal organism of a site of high glucose utilization after 14 days of gestation is clearly indicated by the increase in absolute or weight-related rise in metabolic clearance of glucose on days 19 and 21 of gestation (Table 1 ). In keeping with this, it has been shown in the sheep that foetal and placental glucose-utilization rates were respectively 2-and 20-fold higher per kg tissue weight compared with the maternal glucose turnover per kg body weight (Meschia et al., 1980) . Despite the large increase in the mass of conceptus, which has a higher rate of glucose utilization than maternal tissues, the weight-related rates of glucose turnover of 19-and 21-day-pregnant rats are similar to those measured in virgin rats (Table 1) . This unexpected finding is due to the fact that blood [glucose] is lower in pregnant rats and thus results in a decreased glucose utilization by maternal tissues. In summary, these studies provide an answer to the two major questions addressed in the introduction. First, the decline in blood [glucose] during pregnancy does not result from the increase in the distribution space of glucose. Second, the absolute glucose turnover increases in late gestation in parallel with the rise in total mass of the conceptus. The glucose turnover per kg body weight is not increased during pregnancy, despite the presence of the conceptus, which is a site of very high glucose utilization, because the lower blood [glucose] slows down glucose utilization by maternal tissues.
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